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Abstract 
Capitalizing on inter-project interdependencies is widely accepted as being crucial for Information Technology/Information 
Systems (IT/IS) project portfolio success. However, handling these interdependencies becomes a source of increased 
management complexity as project portfolios get larger, increasingly diverse, and are much influenced by their environments. 
This then can lead to less predictable situations regarding the portfolio performance as a whole. Though there are many methods 
available for optimally selecting projects and cross-checking possible synergies and interdependencies among the projects in the 
portfolio, it remains unclear how one can gain control over the complexity of managing these interdependencies. In this study, we 
address the problem of handling many project interdependencies that continuously change and develop within a large IT/IS 
project portfolio. We found that the existing methods for selecting and managing the projects within a portfolio do not focus 
enough on how interdependencies can disrupt the balance of the whole project portfolio system. To tackle the problem, we 
propose a systemic approach using the Viable System Model to enhance the way that these interdependencies can be effectively 
managed in view of the overall portfolio system. We suggest that the Viable System Model, as a supplement to traditional IT/IS 
project portfolio management approaches, is recursively applied to diagnose and manage the complexity of project 
interdependencies within IT/IS project portfolios. 
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1. Introduction 
Project interdependencies and multi-IT/IS project (portfolios) are two inseparable research themes since project 
interconnectedness is usually crucial for any project portfolio to succeed. Although both of these themes have been 
extensively investigated in the literature about Project Portfolio Management (PPM), there are still many questions 
to be solved concerning how to handle project interdependencies in an ever-changing portfolio environment. Cooper 
et al. (1999) put forward the view that portfolio management is a dynamic decision process; “characterized by 
uncertain and changing information, dynamic opportunities, multiple goals and strategic considerations, 
interdependence among projects, multiple decision makers and locations”1 (p. 335). Because of this dynamic and 
uncertain environment, under which project portfolios are carried out, a change in the decision about the portfolio is 
likely going to affect its projects and the projects’ dependent projects, sub-projects, tasks, alliances, etcetera, in 
unpredictable ways. As a result, new projects (and their related dependencies) can be added to the portfolio while 
on-going projects (and their related dependencies) might need to be readjusted (accelerated, deprioritized or 
terminated)1–4. For instance, a portfolio of multiple IT/IS projects can be incorporated to develop a stream of banking 
services. In the meantime, the portfolio may be exposed to several unexpected internal/external events such as 
changing business requirements or movements of a competitor. To cope with such changes and maintain balance at 
the portfolio level, specific projects may need to be realigned within the portfolio, and hence on-going project 
interdependencies will run off-course if not adapted to project contingencies. Under such circumstances, handling 
the incremental impact on a large network of project interdependencies (e.g. project interdependencies within 
service/product development portfolios) is considered as being complex.  
The mainstream of the literature on IT/IS PPM focuses on advancing approaches that help align projects to 
business strategy and quantify different kinds of project dependencies that span various projects (e.g.5–7). Frey & 
Buxmann8, have analyzed this in an exhaustive review of the literature about IT/IS PPM. It described to which 
extent existing optimization approaches provide assistance to IT/IS PPM stakeholders. In broad terms, most of these 
approaches may help obtaining a feasible set of projects including an optimal subset of possible interdependencies 
between these projects; however, they may not be flexible enough to respond to on-going changes within the 
priorities and objectives of these interdependencies. Another stream of research has paid much attention to 
management of complexity in respect of components (projects) interacting with each other. Included in this body of 
research is the search on interdependency management related to multi-project environment. For example, 
dependence structure matrix (DSM) and domain mapping matrix (DMM) approaches are considered useful to handle 
uncertainty in complex systems9. Another example is the visual project mapping (VPM) that may improve 
understanding of project interdependencies within a project portfolio environment. Although, these approaches can 
be effectively utilized to properly representing (and indexing) interdependencies among projects, they might be 
ineffective if project interdependencies are poorly defined and poorly documented.  
In this paper, we will present and discuss different existing specialized methods in the area of PPM, and to what 
extent they deal with management of complexity and change. We will also argue how a system-based approach can 
complement and strengthen the existing methods. The research question for this study is: How can the complexity of 
managing an ever-changing network of project interdependencies be dealt with in an efficient way? And why do 
many of the existing specialized methods have a limited capacity to deal with such complexity? 
Next, in section 2, the research method is discussed, followed by findings from the study in section 3. The 
findings from the study are discussed in section 4 and, finally, in section 5, conclusions and future research work are 
presented.  
2. Research method 
The fundamental premises of this research is that there exist many approaches for identifying and managing 
project interdependencies along the PPM life cycle, however, they are not always able to rapidly respond to change 
and complexity of interactions between projects. This may result in a situation where the PPM process is less 
adaptable to changing conditions and less efficient in general. To examine this aspect and discuss the shortcomings 
of these approaches, we began by reviewing the literature to gain insight into the characteristics and the objectives of 
these approaches within the IT/IS PPM domain over the last two decades. The initial search has focused on studies 
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that examine IT/IS project portfolio selection and management with adequate consideration of project 
interdependencies. The investigation was carried out using Google Scholar search engine and the keywords  “project 
portfolio management” in combination with other keywords including “optimization model”, “mathematical 
programming”, “network analysis”, “interdependency mapping”, “project interdependence”, and ”project 
interaction”. During the search, we were able to identify two literature streams where project interdependence 
management was mentioned. One stream is concerned with how to identify, evaluate and select a right set of projects 
for a portfolio, while the other stream is concerned with managing the implementation of cross-project dependencies. 
Regarding the first stream, we utilized the structured literature review of Frey & Buxmann8 (published in 2012) on 
IT/IS PPM to identify most of the relevant literature. This is followed by a thorough analysis of the applicability of 
these approaches to a wide range of PPM related challenges. The approaches were then categorized according to 
their main characteristics and the kind of management issues in focus. To better understand and discuss this 
complexity issue, we incorporated critical systems thinking and the cybernetics; we specifically considered the 
Viable System Model because it has an ability to interpret and expose the interrelations between different 
parts/components of a given system. 
3. Results from the study 
This section reviews the literature on approaches to the management of project interdependencies at the PPM 
level. In view of an entire project portfolio development lifecycle, it is possible to distinguish between two core 
functional areas, wherein handling project interdependencies is central to each (Fig. 1). The first functional area is 
concerned with selecting projects that align with the business strategy which may takes into account identifying 
potential synergies and interdependencies across projects within the portfolio. The second functional area is 
concerned with managing multiple projects together with their corresponding cross-project dependencies. From this 
follows that both management functions, hereafter referred to as assessment function and implementation function 
respectively, can be considered as mutually interdependent since both functions need to be adjusted to 
internal/external influences across time. The transactions between these functions and between each function and the 
environment are indicated by the dotted line. The discussion about the nature of these transactions will be presented 
later in this paper. 
In view of approaches to the management of project interdependencies concerning both assessment and 
implementation functions, the literature about these approaches can be broken down into two main streams: 
management approaches that are concerned with the assessment of projects and their respective interdependencies, 
and management approaches that are concerned with implementing of projects and their interdependencies. In the 
following subsections we shall discuss, in brief, the shortcomings of the existing specialized approaches within each 
function, and to what extent they deal with management of complexity and change. After that, and from a systems 
standpoint, we give a holistic overview about the management of interdependencies within a project portfolio 
environment.   
Fig. 1. Assessment and implementation: functions of project portfolio management
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3.1. Characteristics and shortcomings of portfolio assessment approaches  
This subsection describes the characteristics of portfolio assessment approaches and highlights the limitations of 
them in handling project interdependencies during the identification, evaluation and selection of projects to a 
portfolio. This also includes highlighting general characteristics and management issues that are unique to these 
approaches. In general terms, the surveyed approaches in this context seek to guide the identification and assessment 
of options that a portfolio of projects may have in response to strategic considerations. This provides the portfolio 
managers with the flexibility to recognize and distinguish between several IT/IS investments options. For example, 
Bardhan et al. (2004) introduced a nested real options model10 that incorporate project interdependencies to value 
and prioritize a portfolio of IT projects. Various other investigated approaches has considered different project 
interaction metrics such as resource6,7,11–13, technical11,13 and outcome6,12,13 interactions. However, a majority of 
these approaches has only accounted for static selection of portfolios (i.e. only candidate projects are considered 
while active/on-going projects are excluded). For instance, the DEA–BSC model6 is mainly concerned with 
constructing a balanced portfolios of projects (with interactions) from a list of candidate projects.  This can be 
considered a limitation for portfolios that involve many active/on-going projects. Only a few approaches have 
addressed the issues of complexity and unforeseeable uncertainty, e.g. fuzzy DEA Model that responds to 
“uncertainty conditions and deals with project interdependencies in terms of resource, outcome and success 
probability”7 (p. 801).  
On the management side, applying these approaches in real-life can be confronted with many difficulties such as 
working with stochastic data, carrying out a large number of numerical calculations and analysis that require 
expertise to deal with multi-level interdependencies and accumulated project constraints that cannot be adequately 
modeled. Adding to that, the inflexibility of adapting these approaches to a rapidly changing context may preclude 
managers from having adequate (re)assessment of inter-project dependencies.  
3.2. Characteristics and shortcomings of portfolio implementation approaches  
This subsection highlights the limitations of existing multi-project (portfolio) implementation approaches in 
handling project interdependencies. This also includes highlighting general characteristics that are unique to these 
approaches. The approaches of managing multiple projects have been extensively researched, however, a branch of 
studies have solely focused on simultaneous management of interrelated projects including the studies on social 
network analysis and task network analysis. The methods for managing and optimizing networks of various actors 
and various tasks are abundant but largely depend on the principles of dependence structure matrix (DSM) and 
domain mapping matrix (DMM). DSM-based approaches help to “represent and visualizes interdependencies and 
relations between items such as tasks and activities, components and sub-systems, and among people and teams”9
(p. 196). Adapting such approach would help portfolio managers to document and analyze complex relationships 
between projects in much structured way. On the other hand, DDM approaches can be utilized to connect between 
different domains such as connecting between different groups of projects within the same portfolio. Another 
prominent approach in this domain is the use of graphical network presentation of components and the interactions 
between them. For instance, visual project mapping (VPM) can improve understanding of project portfolios through 
graphical network displays of projects and their  interdependencies14. However the previously mentioned approaches 
can help in representing multiple projects and many project interdependencies9,14, this might involve a great 
management efforts for maintaining consistency and balance among various multi-level portfolio components (e.g. 
tasks, sub-projects, projects, programs, sub-portfolios, etc.) and different portfolio stakeholders. Handling a dynamic 
network of project interdependencies may pose a challenge for the portfolio manager due to the increasing 
complexity of quantifying15 and indexing these interdependencies over long periods of time. 
3.3. An overview of a systemic approach to project portfolio management   
In this section, we will adopt a systems perspective on the management of the interdependencies in project 
portfolios. We will elaborate on how a systemic approach can be used to cover up for the shortcomings of the 
traditional PPM approaches. With a systems perspective, project portfolios are considered as a set of interrelated 
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projects that together form a whole system, where the goal of the system is to reach some common portfolio goals. 
The approach regards the relationships and communication between the projects as important as the projects 
themselves, since the whole system, i.e., the portfolio, is greater than the sum of its parts16,17. In order to stay viable, 
the project portfolio has to be able to change and adapt to new conditions and requirements of the environment. 
Variety in the environment needs to be met by variety in the project portfolio that constantly has to strive for 
“requisite variety”. Channels for effective communication internally as well as across the borders, with the portfolio 
environment, are crucial in this respect.  
Viability of the project portfolio can be diagnosed by using the cybernetic model Viable System Model18. The 
model lays out functions necessary for any organization that wants to stay viable: operations, coordination, control, 
audit, intelligence and policy. The model illustrates the relations between overall management functions and the 
operations as well as the relations with the environment. When a project portfolio is regarded as a system, the 
different operations correspond to the constituent projects, and coordination refers to models and values shared in 
the whole portfolio of projects. Coordination includes also routines and IT support for sharing resources and 
collaborating among the projects. This function is crucial for common understanding of how to collaborate in the 
portfolio, through project interdependencies, and hence for the portfolio to hold together as a whole system. 
Furthermore, management is divided into functions for control and audit, intelligence and policy. While control and 
audit are necessary for internal stability of the project portfolio (for planning, distribution of resources and following 
up on results, e.g.), intelligence is also needed for the portfolio to change in accordance with unexpected events in 
the environment, changed demands, etcetera. Policy management ensures a balance between internal stability and 
change. From this follows that any changes suggested in single projects must be aligned with the whole system, not 
disturbing the balance of the whole system. Also, intelligence regarding changes of the portfolio for its survival will, 
in this model, be superior and triggering changes in single projects and their established interdependencies.   
Viable System Model is a recursive model, which means that it is applicable on all system levels. In the case of a 
project portfolio, the system-in-focus can shift from the whole portfolio to a single project, or, to the higher level of 
managing a system of several portfolios in the organization, e.g. For all viable organizations, including the project 
portfolio, there is a need to continuously work to have the whole system acting as one system. 
4. Discussion 
We identified three major causes that may influence the shortcomings of the traditional PPM approaches 
presented in the previous section. In this section, we will discuss these causes. Towards the end, we will also discuss 
them from a systems perspective. 
4.1. Not enough consideration of particular stakeholder interdependence 
Interactions between particular stakeholders at different portfolio levels is deemed critical for a successful 
implementation of the PPM process19,20. Certain kinds of project interdependencies may require extensive 
coordination among various stakeholders at different levels of the portfolio including senior management and 
executives. According to Beringer et al.19 this is not considered to a sufficient extent. The coordination may incur a 
setup cost and require time resources that might not be easily quantified during the assessment/reassessment process 
of the projects and their interdependencies. This can also end up in making wrong decisions about the landscape of 
the project portfolio. It is therefore important to add a new dimension to account for particular stakeholder 
interactions.  
4.2. Not enough consideration of multi-level project interdependence 
Interdependencies between projects can vary in their type, form and pattern of interaction, and cost/benefit 
outcomes21. Dealing with a large number of portfolio components (e.g. projects, programs and sub-portfolios) 
requires adequate consideration of every possible combination of projects in order to be able to identify all possible 
project interdependencies. In many situations, multi-level interdependence can exist when there is an accumulated 
number of dependencies that span various projects, and hence traditional methods cannot capture them14. Although 
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graphical representations of interdependencies (e.g. VPM model14) have addressed this problem, they do not account 
for different kinds of portfolio components. For instance, developing a new banking service may entail carrying out 
a series of coding activities among multiple projects, programs and sub-portfolios within the same project portfolio. 
This level of interdependence between various portfolio components cannot be reflected using graphical approaches. 
Therefore it can be a very resource consuming activity to quantify and describe every possible interdependence and 
every possible synergy effect between projects.  
4.3. Not enough consideration of interdependence with projects outside the portfolio’s span of control  
This shortcoming concerns a situation of having project interdependencies that span the boundaries of the 
portfolio. A good example of such a situation can be; a major data warehouse project that has to cut across different 
project portfolios of an organization in order to be integrated effectively. Handling project interdependencies of this 
kind can be confronted with problems such as sharing decisions, conflict management and (re)allocation of 
resources. This dimension is not well documented and accounted for in any of the above presented traditional PPM 
approaches.   
From the surveyed approaches to PPM, it can be generally stated that there is a lack of common agreement on the 
principles of project interdependency management. Such principles need to (re-)emphasize the dynamic and 
complexity nature of most IT/IS project portfolios and that the approaches, in this area, need to adopt a more holistic 
view to PPM implementation life cycle. This has to acknowledge the interplay between two interlocked PPM 
functions, i.e. assessment function and implementation function (see fig.1). This in turn may aids in establishing 
diagnostic mechanisms and feedback-loops that together could help to maintain the viability of the overall PPM 
implementation process.   
For an effective management of project interdependencies, both researchers and practitioners need to accurately 
recognize the interdependencies (and their respective interactions) among various constituent components at the 
portfolio level. In this respect, the control and audit function of the Viable System Model can help to (1) quantify 
these components and analyze their dependence on other portfolio components, (2) map every resource requirement 
for every component across the portfolio, and (3) highlight the interactions between the components including the 
interactions between different management roles at the portfolio level. Common understanding of the management 
model is especially important for managers on different levels, both portfolio and project levels. This can help to 
cover up for the shortcoming in 4.1. 
To overcome the shortcoming in 4.2, the Viable System Model is ideally suited to deal with recursive structures 
of multiple autonomous units22. In the case of multi-level project interdependence spanning various portfolio 
projects, the system-in-focus can shift from one project at a certain portfolio level to another project at another 
portfolio level (e.g. sub-portfolio or program). Both coordination and control functions according to the Viable 
System Model can increase understanding and optimizing of a complex project interdependence structure.  
Successively, control of the portfolio can enhance the stability among the projects by arranging for proper 
distribution of resources and following up on results. This would help with rebalancing the distribution of resources 
among various projects.  
Concerning the shortcoming regarding interdependence with projects outside the portfolio span of control, it is 
particularly important that the approach can efficiently deal with interdependencies between projects that exist in 
different portfolios or, in other words, when there is a project dependence with projects external to the portfolio 
environment. Managing such interdependencies requires close attention to underlying behavioral aspects at different 
organizational contexts. To deal with this shortcoming, senior policy management in the Viable System Model will 
ensure balance and cohesion among various internal/external portfolio components. In turn, the intelligence function 
of the Viable System Model has to deal with internal/external uncertainty, and monitors the environment for 
changes that the portfolios would need to consider and adjust to. This requires sufficient distribution of resources 
and roles among the constituent projects.  
To conclude this discussion, we claim that the Viable System Model, if recursively applied, can improve the 
understanding of underlying structures of the IT/IS project portfolios. This would then allow for better 
understanding and diagnosis of complex IT/IS project portfolio structures.       
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5. Conclusions 
The shortcomings of the traditional approaches to project portfolio management (PPM) discussed in this paper 
have been related to the systemic approach and the philosophy behind the Viable System Model in which there is a 
strong emphasis on how to manage the complexity of systems and their interdependencies. This alternative approach 
considers where, when and how interdependencies occur, providing for consideration of the totality of transactions 
in the system as well as environmental changes and unexpected demands. The conclusion from this comparison is 
that the surveyed approaches described in the paper do not cover all aspects of how project portfolio 
interdependencies need to be handled. As a remedy to these shortcomings we have found that the Viable System 
Model may provide a useful way of describing and managing the interdependencies. We will elaborate on this in 
further research. As for now, it may suffice to say that the Viable System Model can be used to illustrate that the 
literature concerning interdependencies in project portfolio management has not sufficiently investigated a systems 
perspective on how to manage these interdependencies. 
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